A total of 345 F 2 animals from a crossbred design Mangalitza (homozygous NN) x Piettain (homozygous nn) were fed ad libitum at the institute's Thalhausen Research Station and slaughtered at a live weight of approximately 100 kg. MHS genotypes (67 nn, 192 Nn and 86 NN) were determined directly in a DNA test targeting the ryanodine reeeptor locus. Models for analysis of variance included sire, dam, pen, slaughter group, sex and MHS effects. Growth Performance was generally lower and carcass composition minor compared to other breeds and crosses. No significant differences were found between MHS genotypes for growth traits but NN animals tended to be less eflicient with respect to food conversion. However, nearly all measurements of the carcass showed significant differences between nn and NN which were especially pronounced for sidefat thickness (-7 1mm) fat over the musculus longissimus dorsi (-8.8 mm) and loin eye area (+8.7 cm 2 ) as well as fat area (-5.1 cm 2 ) We found Nn animals performing similar to NN animals due to incomplete dominance of the N allele. As expected nn had a substantial negative influence on meat quality compared to NN and Nn (e.g. -0.61 and -0.15 for pH 45 min, respectively). Intramuscular fat content was at a high level and nn had significantly lower values with differences of-0.40 % and -0.25 % relative to NN and Nn, respectively. A whole genome scan is currently underway with emphasis on fat measurements which showed promising Variation in this study.
1.
Introduction Over the past few years various laboratories worldwide have carried out genome mapping studies in pigs in order to detect quantitative trait loci (QTLs) responsible for economically important traits for the swine industry. Due to the lack of inbred lines, three generational cross breed designs mainly between subspecies or distant breeds (e.g. European wild boars x Large White (ANDERSSON et al., 1994) or Landrace x Chinese Meishan (JANSS et al., 1997) ) were established. Segregation patterns within F 2 animals were used to find chromosome regions which to some extent are responsible for the observed phenotypic Variation. These investigations showed that there are several QTLs for the various traits with large differences between the two homozygous genotypes. However, there is some doubt about the usefulness of such studies for practical swine breeding. It is not clear whether the presence of such huge effects can be expected within breeds under selection nor, how such QTLs act and interact in different genetic backgrounds. Therefore, it should be carefully investigated, whether putative QTLs are directly and causally responsible for all the effects on the phenotypes found or whether they might just be markers for linked QTLs. Consequently, an elimination of a confirmed negative variant for one trait, which could be achieved within only one generation, has to be thoroughly checked in advance with respect to consequences for correlated effects on other traits. The most prominent example in swine genetics where such properties could be studied is the MHS-locus, responsible for the halothane reaction which was assigned to a causal mutation at the ryanodine reeeptor locus by FUJII et al. (1991) . This now allows to determine the genotype unambiguously in contrast to the use of former halothane and CK teste which could not separate susceptible (nn) from non susceptible (Nn, NN) genotypes with certainty and were not able to distinguish heterozygotes from homozygous negative animals. The test for the ryanodine reeeptor was implemented in nearly all populations in a straightforward manner and different selection strategies were applied to achieve economic benefits. Decisions were based on numerous investigation into the impact of MHS in different breeds and crosses. A clear picture emerged from all studies conceming the effects of positive halothane genotypes on meat quality traits, especially pH-values 45 min after slaughtering. However, effects reported on Performance and carcass traits varied with respect to genotypes being superior as well as the size of effects. In the present study we want to report effects of MHS genotypes for growth, carcass and meat quality traits relative to a genetic background of F 2 crosses between Mangalitza and Pietrain breeds. Mangalitza and Pietrain represent contrasting extreme breeds with respect to lean meat content, Mangalitza being the fattest and Pietrain the leanest. Mangalitza is a domesticated European breed not selected against fatness due to special produets produced. This set-up promised a large Variation for traits connected with fat deposition in the F 2 generation and a genome wide scan is underway.
Materials and Methods

Animals
Mangalitza is a native Hungarian breed which is closely related to the wild boar, but domesticated. Its breeding history dates back to the 12* and 13 Century, when two domesticated breeds with Mangalitza-like appearance existed. These were called the 'Szalont' and the 'Bakony' pig, and they were most probably descendents from the Hungarian wild boar. In the beginning of the 19^ Century these breeds were crossed with serbic 'Milos' pigs which gave rise to the Mangalitza breed. Although it was very populär in the 19 Century due to its special properties (suited for extensive housing, selected for backfat thickness resulting in exorbitant meat-and fat quality) it is nowadays close to extinction (FLEGLER, 1999) . Currently, about 1500 animals are registered worldwide, 500 of them in Hungary and 300 in Germany. To establish the resource families, two Mangalitza boars with MHS genotypes NN LWS • live weight at slaughter; AS = age at slaughter; ADG = average daily gain; ADGI70 = average daily gain until day 170; FCR = food conversion ratio; FI = food intake; CW = carcass weight; KO = killing out percentage; CL = carcass length; ABF = average backfat thickness; SF = sidefat thickness; FMLD = fat thickness over musculus longissimus dorsi (MLD); LEA = loin eye area; FA = fat area; HAM = ham content; LMC = lean meat content; PH IM = ph 45 min MLD; PH24MV • ph 24 h MLD ventral; PH24MZ = ph 24 h MLD central; PH24MD= ph 24 h MLD dorsal; COLOR = meat color; IMF intramuscular fat from a small population in Brandenburg (Northeast Germany) were mated to 22 purebred Pietrain sows with MHS Status nn to produce Fi animals. Out of these, 6 boars and 48 sows were selected as parents for the F 2 generation. They were mated randomly and some sows had two litters in the material collected so far. In total 345 slaughtered pigs (165 castrates and 180 gilts) from the F 2 were available for the analysis. The numbers for MHS genotypes of these animals were 67 nn, 192 Nn and 86 NN. Due to missing observations, not all animals could be evaluated for some of the traits (see Table 1).
Diet and housing
The pigs were born and kept at the Thalhausen Research Station. After the 5 week weaning period they were kept in flat decks with group sizes of about 30 animals up to a weight of 30 kg. For the fattening period, piglets were housed in pens with about 10 animals per pen and randomized with respect to sex and litter mates. The feeding regime was liquid feed ad libitum. The food contained 161 g/kg crude protein, 9.0 g/kg lysine and 13.6 MJ metabolizable energy (ME) per kg. The pigs were weighed every two weeks and sent to the abattoir with live weights between 88 and 119 kg. They were slaughtered at specially equipped slaughterhouse at the Bayerische Landesanstalt für Tierzucht in Grub or at the municipal slaughterhouse at the city of Munich.
Carcass traits
Carcass traits were recorded aecording to official guidelines for Performance test stations (LITTMANN, 2000) . Carcass weight (CW) is defined as the weight of the carcass immediately after slaughtering without interior fat, kidney, suet and midriff. Killing out percentages (KO) were calculated as the ratio of carcass weight over live weight at slaughter. Carcass length (CL) was measured between the bottom of the atlas vertebra and the anterior edge of the os pubis. Average backfat thickness (ABF) was calculated as the mean value of three measurements taken along the mid line of the back: at the first thoracic vertebra (thickest point), at the middle of the back (thinnest point) and between the third and the fourth lumbar vertebra. The cross section of the carcass between the 13* and the 14* thoracic vertebra was the subjeet of the following measurements: Sidefat thickness (SF) was measured at the ventral end of the musculus latissimus dorsi, fat over musculus longissimus dorsi (MLD) was measured at the thinnest point of the external fat, the loin eye area (LEA) is the planimetrically determined area of the MLD and the fat area (FA) is the area of the external fat over this muscle. The lean meat content (LMC) was estimated via equations based on multiple regressions using LEA, FA, ABF and SF as covariates (LITTMANN, 2000) .
Meat quality
Meat quality was determined in the MLD 45 min after slaughtering (pHi) and 24 hours post mortem at ventral, central and dorsal points of the MLD. Meat color was determined 24 hours post mortem as surface refleetance on a cross section of the MLD, using an Opto-Star apparatus (A,=640 nm). The extraction of intramuscular fat (IMF) was made by Chloroform -methanol aecording to the modifications by HALLERMAYER (1976) , determining the entire lipid content: 1.2 g of minced lean meat and 7 ml of Chloroform p.a./methanol p.a. (1/1) were mixed for one minute in an Ultra Turrax ho-mogenisator and afterwards centrifuged at 4000 U/min and 4 °C. The supematant was filled in a separating funnel. This process was repeated once and the first and second supematant were joined together. Then 14 ml of saline Solution were added, the whole Suspension was shaken vigorously for one minute and then was left for the Separation of two phases for one hour. The lower Chloroform phase containing all the lipids was drained off and dried in a rotation evaporator under nitrogen at 300 bar and 37 °C. The IMF content was calculated after weighing the dried lipids. All tubes and Containers used were generally filled with nitrogen to avoid oxidation.
DNA-typing
Porcine genomic DNA was isolated from pig blood as described by SAMBROOK et al. (1989) . For RFLP-analysis in the ryanodine reeeptor the protoeol of FUJII et al. (1991) was modified. Sequences of PCR-primers were as follows: Forward primer, 5'-GTT CCC TGT GTG TGT GTG TGT GCA AT-3', and reverse primer, 5'-CTG GTG ACA TAG TTG ATG AGG TTT G-3\ PCR amplification (50 pl total volume) was performed using 100 ng genomic DNA, 5 pmol primers, 2.5 mM MgCl 2 , 200 pM each dNTP, 67mM Tris HCl pH 8.8 16mM (NH 4 ) 2 S0 4 0.01 % Tween 20 and 1 unit Taq Polymerase. The profile for thermal cycling was 94 °C for 3 min, then 30 cycles of 94 °C for 45 see, 56 °C for 30 see, 72 °C for 45 see, followed by a final extension of 90 see at 72 °C. The resulting 118 bp PCR product was digested with Hha I. This generates a 88 bp and a 33 bp fragment in N alleles, while lack of digestion indicates a n allele.
Statistical analysis
To account for common environmental and seasonal effects, animals were compared within the combined effect of pen and time period (date of housing) referred to as pen effect. As second litters were completely non overlapping with first litters with respect to time, the parity is confounded and therefore included in the pen effect. In the course of the experiment piglets of different dams were housed together in pens with a balanced sex distribution. Due to the mating scheme and facilities available there where four data sets completely disconnected with respect to dams and pens as well as slaughter group (same date and abattoir) but those effects were well cross-classified within such sets. Thus, the set was included as a main effect and dams, pens and slaughter group were nested within sets. Generally, sires were used across sets but unfortunately it turned out that one sire was used only three times within a given set and could not be included in the complete model in a proper Statistical way. To extract as much information as possible we therefore applied two modeis. First, an analysis across sets aecounting for the impact of the same sire in different sets but omitting information of one sire (model 1) and second, analyzing the data separately for each set, assuming sires being unrelated across sets but including all information (model 2). The basic modeis for the Statistical analysis using the procedure GLM of the program package SAS (1989) In both modeis the effect of age at slaughter was included as a covariate for growth traits instead of the slaughter group effect. Contrasts between nn and NN as well as Nn and NN genotypes for MHS and their Standard errors were calculated using the ESTIMATE Option of procedure GLM. For model 2, contrasts were estimated separately for each set and combined considering the appropriate variance-covariance structure of contrasts within sets:
with V being a block-diagonal matrix consisting of four 2x2 variance-covariance submatrices evaluated for the contrasts within sets.
3.
Results and Discussion The numbers of MHS genotypes in the slaughtered animals were significantly different from the expectation 1:2:1 in a F 2 cross (% 2 2df =6.5; p< 0.05). The highest deviation from the expected number was found for the nn genotype and similar proportions were reported by HANSET et al. (1995) . The contrasts between the homozygous MHS genotypes nn relative to NN and between the heterozygote genotype Nn relative to NN with their respective Standard errors for growth, carcass and meat quality traits are shown in Tables 2 to 4. In addition to the estimates of the complete model (model 1) which accounts for all the effects simultaneously, results of model 2 are also presented. Standard errors of contrasts for model 2 are slightly smaller which is due to the fact that more information could be included in this analysis. As differences between both modeis are marginal, only the results from the complete model will be discussed in the following sections.
Growth traits When analyzing Performance measurements, significant effects were found for sires (FC), dams (LWS, ADG, ADG 170, FC), different data sets (LWS, ADG, ADG 170), the pen effect (ADG, ADG 170, FC,FCR) and the covariate age at slaughter (all traits). None of the growth traits was significantly affected by MHS genotypes (Table 2) . There was, however, an slight MHS influence (p<0.10) on live weight at slaughter. A marginal superiority of nn relative to NN could be seen for all traits whereas the Nn genotypes performed worse compared to NN animals. Daily gain up to 170 days was additionally defined as it allows a comparison of growth for a time period where nearly no selection by early slaughtering occurred. It did, however, not show any differences with respect to MHS genotypes. In other studies (SCHOLZ and HARDGE, 1994; GÖDEKE et. al, 1998 ) no or only small differences between MHS were found not giving a clear picture in favor of any specific genotype. A superiority of Nn relative to nn of about 15 g to 30 g in daily gain was reported by ZHANG et al. (1992) , HANSET et al. (1995 ) and LARZUL et al. (1997 ), whereas BIEDERMANN et al. (1997 found higher daily gains for nn compared to Nn in the ränge of 20 g. NN genotypes generally performed worse with a maximum of 40 g lower daily gains compared to nn (BIEDERMANN et al.,1997) . No effects of MHS on food intake were apparent in this study and differences in food conversion ratio were not significant but in good agreement with LARZUL et al. (1997) and BIEDERMANN et al. (1997) . However, in other studies MHS positive animals had a better food efficiency of up to -0.20 kg food per kg gain relative to homozygous negative animals and Nn animals performed either similar SCHOLZ and HARDGE, 1994) or better as NN animals (LEACH et al., 1996) . 
Carcass traits
The effect of the MHS locus was significant for all carcass traits with the exception of carcass weight and average backfat thickness, where only a tendency (p<0.10) of a possible MHS effect could be seen. Other significant effects in the analysis of variance were sires (CL), dams (KO, CL) and the effect of the slaughter group (CW, KO, CL) as well as sex (ABF, SF, FMLD, LEA, FA, HAM, LMC). Carcass weight was 1.6 kg higher for nn relative to NN animals, such a marginal difference was also reported by WITTMANN et al. (1993) . The killing out percentage was in favor of nn animals with a differences of 1.5 % compared to NN which is close to effects of 1.1% and 1.2% found by HANSET et al. (1995) and LARZUL et al. (1997) , respectively. Contrasts of 0.5 % between Nn and NN animals were also obtained in studies of ZHANG et al. (1992) , LARZUL et al. (1997) and GÖDEKE et al. (1998) , whereas complete dominance of the N allele was reported by HANSET et al. (1995) . On the other hand, homozygous positive animals produced shorter carcasses of-1.8 cm compared to homozygous negative animals the latter performing nearly equal to the heterozygotes. Corresponding differences between homozygotes in the literature were in the same ränge (e.g. HANSET et al., 1995) but also up to -5.0 cm (WITTMANN et al" 1994) , with contrasts between Nn and NN varying from 0.1 cm (LUNDSTRÖM et al., 1995) to -2.0 cm (WITTMANN et al., 1994) . Aecording to the setup of the resource families high mean values and high variations for fat measures were found in our material (see Table  1 ). Whereas only a marginal effect of MHS on average backfat thickness was found with an superiority of nn or Nn relative to NN of-2.8 mm and -0.6 mm, respectively, corresponding differences observed for sidefat thickness were highly significant and amounted to -7.1 mm and -3.1 mm. Similar values for contrasts nn versus NN and Nn versus NN of-8.8 mm and -3.3 were found for the measurement 'fat over the MLD', respectively. The effect of MHS on average backfat varies across different studies from no influence (ZHANG et al., 1992; WITTMANN et al., 1993; GÖDEKE et al., 1998) to differences between the homozygotes (nn-NN) of-2.5mm (LARZUL et al., 1997 ) up to -4.3 mm (BIEDERMANN et al., 1997 . Large differences for sidefat thickness between nn versus NN genotypes in the ränge of -0.35 mm to -6.0 mm were also reported by WITTMANN et al. (1993) and BIEDERMANN et al. (1997) . Estimates for Nn animals did not show a clear pattern of dominance, with values close to NN animals (GÖDEKE et al., 1998) or between the homozygotes as in our study (e.g. WITTMANN et al., 1993; LUNDSTRÖM et al.,1995) . Contrasts for fat thickness over MLD found in our material were -8.8 mm for nn versus NN, much higher than those reported in other studies, e.g. -3.3 mm (BIEDERMANN et al., 1997) or -5.0 mm , and dominance patterns were unambiguous as seen before. The MHS locus also exhibits a strong influence on the carcass traits loin eye and fat area. Loin eye area was 8.7 cm 2 (2.5 cm 2 ) larger for nn (Nn) compared to NN and, conversely, the fat area was 5.1 cm 2 (1.7 cm 2 ) smaller for those comparisons, respectively. These values are high relative to differences between nn and NN found in other studies, which were in the ränge of about 5.1 cm 2 to 5.6 cm 2 SCHOLZ and HARDGE, 1994; BIEDERMANN et al., 1997) . Values for Nn relative to NN in those investigations varied between 1.6 cm 2 and 2.9 cm 2 which were in good agreement with the estimates of WITTMANN et al. (1994) and GÖDEKE et al. (1998) . In the literature, differences evaluated for fat area between homozygotes were from -2.5 cm 2 up to -5.3 cm 2 (BIEDERMANN et al., 1997), the latter being close to our finding. Consequently, there was a substantial difference in lean meat content between the three genotypes with nn animals having higher contents of 4.4 % and Nn animals being superior by 1.3 % compared to NN animals. Higher contrasts of 7.4 % between the homozygotes were reported by BIEDERMANN et al. (1997) and lower differences of about 3 % by SCHOLZ and HARDGE (1994) . Ham percentage for nn was about 1% higher relative to Nn as well as NN genotypes which is consistent with studies of HANSET et al. (1995) and BIEDERMANN et al. (1997) . Table 4 Estimates of contrasts between MHS genotypes for meat quality traits with Standard errors and the corresponding significance level of MHS effect; results from model 2 in italics (Kontraste zwischen MHS Genotypen für Merkmale der Fleischbeschaffenheit sowie deren Standardfehler und das Signifikanzniveau für den MHS Effekt; 
Meat quality
As expected, the impact of MHS genotype on all traits investigated was strongly significant, clearly confirming well known deteriorating effects of the stress susceptible nn genotype on meat quality. Additionally, significant effects of the slaughter group and the dam effects (with exception of pH 45 min) on pH measures and meat color were found in the analysis of variance, whereas only the sex effect, besides the MHS, was highly significant for the intramuscular fat content. A marked difference of-0.61 was found between nn and NN animals for pH values measured 45 min after slaughtering in the musculus longissimus dorsi (MLD) but was on the lower ränge compared to WITTMANN et al. (1993) , SCHOLZ and HARDGE (1994), LARZUL et al. (1997) and BIEDERMANN et al. (1997) . As stated by LARZUL et al. (1997) , pH 45 min is undoubtedly lower in the Nn than in the NN genotype. The difference was -0.15 in our study, thus closer to NN than to nn which is similar to their finding. In contrast, BIEDERMANN et al. (1997) reported intermediate values for Nn and SCHOLZ and HARDGE (1994) evaluated Nn somewhat closer to nn. When defining meat quality as normal for pH 45 min greater than 5.8, then about 90 % of NN and Nn, but only 25 % of nn genotypes fulfilled this criterion which is in good agreement with WITTMANN et al. (1993) . Corresponding contrasts for three measurements of pH 24 hours after slaughtering (ventral, central and dorsal) were much more subtle with values in the ränge of -0.07 to -0.09 between nn and NN as well as between Nn and NN genotypes demonstrating complete dominance of the n over the N allele. SCHOLZ and HARDGE (1994) reported similar differences in favor of NN animals, whereas no significant effect was found in other studies. Only few animals (one nn, five Nn and four NN) were suspect to DFD condition which does not allow to conclude increasing Problems due to the N allele. Meat color was also strongly influenced by the MHS locus and nn as well as Nn genotypes were 16.3 and 3.5 points worse compared to NN genotypes, respectively. In contrast to the pH-drop, Nn performed more like NN and a incomplete dominance of the N allele could be postulated considering similar estimates by WITTMANN et al. (1993) , BIEDERMANN et al. (1997) and LARZUL et al. (1997) . Extremely high contents for intramuscular fat were generally measured in the material and values for castrates were much higher than those for females (see Table  1 ). The decrease of-0.40 % for nn compared to NN was in agreement with SCHOLZ and HARDGE (1994) . Their estimate for Nn animals differed significantly by -0.24 % from NN, which is not confirmed by our study which shows a non significant decrease of-0.15% only.
4.
Conclusions Results for the influence of the MHS locus on growth, carcass and meat quality traits from an ongoing crossing experiment between Mangalitza and Pietrain designed for a whole genome scan were presented. F 2 animals, sharing the same polygenic background, were also analyzed by HANSET et al. (1995) and LARZUL et al. (1997) who used Pietrain x Large White crosses and by LUNDSTRÖM et al. (1995) based on European wild boar x Large White. However, in the latter study no homozygous nn animals were present. Other studies are based on individuals randomly taken from a given breed or cross with sometimes strongly unbalanced MHS genotypes (e.g. BIEDERMANN et al. (1997) ; 12 nn, 69 Nn and 156 NN). Furthermore, several investigations were conducted only permitting a comparison of either nn versus Nn (e.g. ZHANG et al., 1992) or Nn versus NN (e.g. GÖDEKE et al., 1998) . Parents were also not as homogeneous as F, animals in those studies and MHS-effects could be biased if confounded with polygenic effects. Thus, the present study should provide a good impression conceming the impact of the MHS locus in a highly variable cross. First, no difference with respect to MHS for growth traits was observed. This is partly in agreement to other studies but in contrast to some authors who reported mostly higher food conversion efficiencies of nn genotypes. As our animals performed on a relatively low level it may be possible that MHS effects will not show up under such conditions. Alternatively, positive results in other studies might be caused by other QTLs on chromosome 6 with their superior allele preferably linked to the n allele. If so, it can be questioned why such loci do not segregate in our material. The MHS Status influenced the various carcass traits to a different extent. Genotype nn performed better on carcass weight, although not significantly, carcass length and killing out percentage, but differences were relatively small compared to those found in the literature. On the other hand, huge effects for thickness of sidefat and fat over MLD were found which were much larger than differences reported in comparative studies. As raw means were also large, there might be some scale effect involved, but there also might be Mangalitza specific alleles present which are linked to the MHS locus. Nevertheless, it is worthwhile to explore the substantial Variation in these traits in more detail. The same is true for loin eye area and fat area, and, as a consequence, for the lean meat content, which was strongly influenced by the MHS locus. No clear pattern of dominance was observed for the carcass traits. Nn animals generally performed similar to NN animals, however significantly different just for those traits which were strongly influenced by the MHS locus. Effects of MHS genotypes on pH measurements did not differ from results found elsewhere, whereas their influence on meat color was comparatively high. Differences between homozygotes found for intramuscular fat were also large and in accordance to high differences obtained for sidefat and fat over MLD when assuming positive correlations between the these traits. Despite this general relationship there were several animals with low fat thickness and comparatively high IMF present in the material. Aecording to JANSS et al. (1997) who postulated a second QTL for IMF, further efforts in molecular genetics might help to detect additional Variation due to single loci and to describe possible interactions between loci responsible for fat deposition. Finally this would allow to directly select for the best combination of genes even for antagonistic traits. 
